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B CELL DEFICIENT TRANSGENIC FVB/K KCE 

ia of the invention 
The field or tne 

i i c precursor 

B cells, which derive fro. ^^^J 

= « the immunoglobulin 
cells in the bone marrow, are ^ ^ fi 

„n = of the immune system, 
producing cells or ^ nf , ere d by the extreme 

-ii r B b :in -ion. — 

heterogeneity of the B cell P P a B cell 

heterogeneity ""It. ««. h ly 1Q u dif£ere „t 

=an Pr-o=e any - - t possible to 

antibody ' 8 " nechanis-s as gen=ni= 

generate Py ™^ and static Ration, 

"arranged l^ 1 hematopoietic 

Because B eel ar.se f P ^ 

saturation process lnter action of the cell 

actors Poth Pefore - preBent In an ani.al 

with antigen, the B cei v * There are a 

is developmental^ heterogeneous as ^ ^ 

nu^er of W .lo». antibo dy molecule and 

homogeneously produce a par £unot ion. However, 

allow study of so»e aspect, , o ^ ^ ^ 

° f "Tl st e n -not he used to study B ceU 
developmental stage a _ ansaen ic technology has 

development. More ««nt V, « a g ^ ^ ^ 
allowed researchers to create * rearranged « 

portion of the B cells express . . P - 
or i (light chain) transgene or heavy ^ 

transgene. In general, oolobuli „ gene regulatory 

, transgenes, when fused to »u gloh »^ * q£ th . 

seguences, are expressed or , y ^ ^ 

nouse . such transgenic c c. P t ^ (unctlcP .. 

for studying various aspects o ^ ^ 

including allelic exclusion, isclP 
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mutation/ immunoglobulin gene regulation, and 
interactions between immune system cells. 

For example, mice bearing m or A transgenes have 
been used to study allelic exclusion, the process by 
5 which a given B cell becomes committed to utilizing only 
one of the two homologous chromosomal loci for each of 
the heavy and light chain genes. Mice harboring a 
rearranged murine k transgene have very low levels of 
endogenous k. gene expression (Storb et al. Nature 

10 310:238, 1984) and exhibit far less rearrangement of the 
endogenous k gene loci than do their wild-type 
littermates (Ritchie et al., Nature 312:517, 1984; 
Rusconi et al., Nature 314 : 330, 1985). Mice with a human 
(i transgene fail to express murine IgM on those B cells 

15 expressing the transgene (Nussenweig et al., Science 
236:816, 1987) . 

Mice harboring a murine A transgene have been used 
to study isotype exclusion, the process whereby each B 
cell in a given animal becomes committed to expressing 

20 one light chain isotype (either k or A ) rather than the 
other. Mice with a transgenic murine A gene driven by 
the murine heavy chain enhancer express the transgene in 
a lymphoid-specif ic manner, have surface A chain present 
on B cells, have sharply decreased levels of k gene 

25 rearrangement, and have far more A + B cells than k + B 

cells (Neuberger et al., Nature 338:350, 1989; Hagman et 
al. , J. Exp. Med. 169 : 1911, 1989). This last observation 
is in marked contrast to the dominance of B cells in 
wild-type mice. In addition to the above phenotype, 

30 Hagman et al. observed a "slight decrease in the number 
of IgM + B cells in the spleens of transgenic mice of all 
ages". Neuberger et al. noted that "the transgene causes 
an overall depression of B cell development as the number 
of spleen cells in the transgenic mice was -70% that cf 

35 their non-transgenic siblings". For these A transgene 
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^ used to drive 

• a heavy chain enhancer usea 

experiments, a hea y hecause rearranged X 

expression of the > transgene becaus ^ ^ 

transgenes without added enhancer were 
expressed (Hag^an et al. SHB£a> • 
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.reinvention features a transgenic 
In general, the J ^ includeS a DNA 

FVB/N mouse bearing a tranSg ^ ht cnain 

an immunoglobulin ixy 
sequence encoding an preferred 

nHoaer-u- to a non-mouse animal. * 
endogen-u- ^ b tne imniunogi^^"— ■ 

the sequence encoding 
embodiment, the q from an anl mal (most 

Ught chain gene is obtained Qf rearrange d 

preferably a human) m which P P ^ ^ ^ 
immuno globuUn l£t chair ^n- y ^ , 

genes is higher tb^P^ _ &% , f ^ rearrange d 
FVB/N mice (e.g., 9 ht cnain 

i.aunoglobulin light chain *«» " besides 

humans, chickens, dogs, , chain 

Bink . , rearranged C Ian n o hr4 tocher a 

gen e that - — /Jrr-n ana a region — • 
region encoding a const ^ a 

variable dcain, and thus F immunoglobulin 

co „ P lete , light chain. gene is 

ligh t chain constant re^on of th ^ 

regions. More p pre ferably, the 

human A2 constant region. Mos P ^ 
immunoglobulin light chain is 

„ ablv the transgene also includes an 
Preferably, ^ne ' . lo ..„i 

• enable of directing high leve. 
enhancer region capable incre a S1 ng the level 

expression of the transgene^ ^ ^ q; 

of transcription of the gene -gen ^ 
the transgene. Such an enhancer re,- 
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example, that of an immunoglobulin heavy chain gene, 
e.g., a mouse immunoglobulin heavy chain gene, or a 
portion thereof (e.g., all or part of the 995 Xbal to 
EcoRI subf ragment ) capable of directing high level 
5 expression of the transgene. The enhancer may be located 
upstream of the coding sequence, within an exon, or, more 
preferably, downstream of the coding sequence. Such 
enhancer regions can be individually tested for their 
ability to direct high level expression of a transgene by 

10 transfecting the enhancer-transgene construction into 

tissue culture cells as described herein. The transgenic 
FVB/N mice of the invention are more susceptible 
(preferably, significantly so) to infectious disease 
(such as diseases caused by Sendai virus, EDIM virus, 

15 mouse hepatitis virus, mycoplasma pulmonis, pinworm, and 
mites) than is a typical wild-type FVB/N mouse, a 
condition which at least in part is due to low B cell 
levels; preferably, the proportion of the transgenic 
animal's splenic lymphocytes that are mature B cells is 

20 four-fold lower than the proportion that are mature B 
cells in a typical wild-type inbred FVB/N mouse. For 
example, in a wild-type inbred FVB/N mouse, the 
proportion of splenic lymphocytes that are mature B cells 
is about 40%, while the proportion found in a transgenic 

25 FVB/N mouse that is one embodiment of the invention is 
about 2%. By "mature B cell 11 is meant a lymphocyte 
bearing surface fi heavy chain protein, whether alone or 
as part of an intact immunoglobulin molecule. 
Preferably, the transgenic FVB/N of the invention mice 

30 have at least three times as high of a percentage of 

splenic lymphocytes which bear detectable levels of the 
Sca-1 surface antigen as a typical wild-type FVB/N mouse 
has (which is -10%) . By "splenic lymphocytes" is meant 
white blood cells isolated from an animal's spleen. 
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* «mv less than 4% of the splenic 
Preferably, 

, . of the transgenxc mice bear an amount cu the 
lymphocytes of the 9 detectab le in an 

B220 (Ly-5) surface antigen that xs 

that described below. This is 
assay such as tnat . approximately 

: nhre( j FVB/N mice, in wnicn app 
to wild-type inbred Fva/ dete ctable B220 (Ly- 

40% of the splenic lymphocytes bear detec 

_ ri r&ll marker. 
5) antigen, a B eel transgenic pvb/N mouse is a 

Mn ct nreferablY/ ^ ne UJ - aii ^ 

Juse derived from (i.e., resulting from 
transgenic mous derx d£Velopment of) an embryo 

embryological maturation amprican Type 

deposited on August 28, 19»u ^ & 

rulture Collection, Rockvxlle, MD as ATCC 
Culture cox transgenic mouse. 

derlved £ ro. a transgenic ^ „ hich 

_ _ ii Q defined as a pxt^ c w ^ 
i .trar.sg.ne is defi ^ ^ o£ 

is inserted by arti £l =e !nto > ce ^ ^ 

the gence o £ the ^teroiogous 

Such a transgene may be partly 

to the transgenxc animal. A tr g 

w •„„ «Us that contaxn a transgene, 
mouse having cells tna ancestor 

no was introduced into the mouse, or an 
transgene was intro -enhancer 

at- an embryonic stage. 
" the :° i n;f ine as a cxs-actxng DNA seguence capable 
region- xs defxn a oter that 1S 
of increasxng transcrxptx ennan cer 
either upstream or downstream or 
I; io uc ™I sequences are weU Known to those 
Z ed in the art c £ euKaryotic gene express^ 
SKiiJ- eu , rell whether 

4. „ fo Hr cell" is meant a blood ceil 
"hematopoxetxc cell precursor of a 

developmental i^ture or ^ure P ^ 

b lood cell. An "FVB/N mouse a »o ^ 

„ r,-F the FVB/N strain or a ny^ix 
inbred mouse of the tvu/ ^-ibu-ed by mice cf 

+. n»if of its aenome contribute cy 
has at least half or lus , 

■ _ prpf errea FvB/n mit-e 
the inbred FVB/N strain. Prete. ^ cc ^ e -t 
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ifth (or higher) generation descenders c 
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founder mice generated from FVB/N embryos. These 
subsequent generations result from backcrossing with 
inbred FVB/N mice; thus the mice of each succeeding 
generation are, except for the transgene, more 
5 genotypically identical to inbred FVB/N mice. By "U266;, 
gene" is meant the 8.5 kb EcoRI/HinDIII fragment of the 
rearranged X gene isolated from the human myeloma U266 
cell line. By "U266A protein" is meant the 
immunoglobulin light chain protein encoded by the U266A 
10 gene. 

The invention provides a useful animal model for 
severe B cell deficiency, characterized by low levels of 
functional B cells and high susceptibility to infectious 
disease . 

15 Other features and advantages of the 

invention will be apparent from the following description 
of the preferred embodiments thereof, and from the 
claims . 



Description of the Preferred Embodiments 

20 The drawings are first described. 

Drawings 

Fig. 1 is a diagrammatic representation of a 
region of a plasmid bearing the human U266A gene. 

Fig. 2 is a representation of the nucleic acid 
25 sequence of a portion of the human U2 66A gene. 

Fig. 3 is a diagrammatic representation of the a 
construct . 

Fig. 4 is a representation of the nucleic acid 
sequence of the 995 bp Xbal fragment of pTAR-7 which 
30 contains the mouse heavy chain enhancer. 

Fig. 5 is a diagrammatic representation of the XEu 
construct . 

Fig. 6 is a representation of the results cf ar. 
RNAse protection analysis. 



PCr/ L'S9 1/06 106 



W O 92/04443 



10 



15 



20 



Fig 7 is a representation of the nccleic acic 
sequence of the 907! bp EcoRI fragrant of tne M 

ns uct. B is a schematic represen « 

results of « -say for ceUs bearino. tne Sea-! sur.ace 



25 



antigen 



30 



Productior^of^r^^ produced 

~ I I^onir mice of the invention are proauu 

Thp transgenic mx^c ^ . 
. • JtL a cloned non-mouse immunoglobulin gene into 
by inserting a cl > ^ (or 

the genome of an mbrea no, , fn i Z ed 

an inbred-FVB/N X CD-I fertilized oocyte or a 

oocyte produced from the mating of a mouse of any 

■v strain and an inbred FVB/N mouse) and 

suitable strain ana nffsorincJ with wild-type 

backcrossing the transgenic offspring wi 

n that, the transgene is m an essentially 
FVB/N mice so that tne "an y 

pure FVB/N genetic background. transgenic 
The production of several strains of transgen 

-v, a Koinv Two of the strains harbor 
FVB/N mice is described below. Two 

v. r, H9fifi> aene fused to the murine heavy chain 
the human U2oda gene 

* fho strains harbor the human L266a 
enhancer. Three of the strains 

cene without the enhancer. 

The steps involved in producing and analyzing the 
transgenic mice of the invention are outUne^o, 
including construction of plasmids beann, « 
gene, transient transfection of these plasmids nto 

m= <* s an initial test for cellular 
tissue culture cells (as in expression in 

expression of the U266A gene), assays fo P 

• „ u „rP cells introduction of the L266A 

these tissue culture cells, ana i V zing the 

gene into the mouse genome, and methoos for analyzi g 

transgenic mice. 
^nstructicjL^^l^mids 

^^T^lgE-A humar. myeloma U26o cel. -in 

n ^ . ^ — 1Q7Q) WaS 

riin Fxc. Immunol, ^-/-m 

digested with EcoRI , and used to prepar, . y 

y , i Nnn in- i Laboratory Mcuiua., 

. , ■ a n Molecular Clonin^. - ^ G 

(Maniatis eu ai., iiUlc 
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Cold Spring Harbor Laboratory, 1932} . The clone 
containing the active A gene (a portion of which is 
depicted Fig, 1; E denotes an EcoRI site, H denotes a 
HinDIII site) was identified by probing the library with 
5 a radiolabeled BamHI fragment of the human A2 gene 

(Hieter et al. f Nature 294:536, 1981). The complete DNA 
sequences of the human CA complex and the U266A gene are 
available in the EMBL Data Library under accession 
numbers X51755 and X51754, respectively. 

10 Two constructions were prepared: A (which includes 

the U266A gene) and AE.u (which includes the U266A gene 
and a downstream murine immunoglobulin heavy chain 
enhancer) . The A construction was prepared by subcloning 
the 8,5 kb EcoRI to HinDIII fragment (the "U266A gene", 

15 the sequence of this fragment is depicted in Fig, 2) of 

clone c35I containing the \ 7 X pseudogene, *V^1, as well as 
the active A gene rearranged into A2, into EcoRI- and 
HinDIII-digested pBR327 to create pC36I (Fig. 3 is a 
diagramatic representation of a portion of this plasmid. 

20 E denotes an EcoRI site, and H denotes a HinDIII site) . 
The AEm construct was prepared by cutting the A construct 
at the unique HinDIII site' located 0.9 kb downstream of 
C^2. The ends were made blunt with DNA polymerase 
(Klenow fragment) , and were then ligated to a 995 bp Xbal 

25 fragment (Fig. 4) of pTAR-7 (Banerji et al., Cell 33:727, 
1983) containing the mouse immunoglobulin heavy chain 
enhancer (Ephrussi et al-, Science 227:134, 1985) that 
had been similarly treated. The resulting plasmid, 
pc40I, is depicted in Fig. 5 (E denotes a EcoRI site, h/x 

30 denotes the Xbal/HinDIII junction) . Cloning procedures 

were conventional techniques described in Maniatis et al . 
( supra ) . 

Transfection of Human A Gene ir.to Tissue Culture Cells 



35 



The A and A Eu constructs were tested for their 
abilitv to exoress human ; mRNA in transiently 



PCT/LS91/06106 



WO 92/04443 



- 9 - 



ii^ Thp cells used for 
a ficcne culture cells. me 
transfected tissue cui an 

tra nsient express.cn ^ ^ ^ ^ 

igM-K Producing and J558L , a > 

(Lenoir et al. , Nature 29 ^ ^ Natl . 
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(Lenoir — . - et al _ ( Proc . N 

pro ducind - - - _ wtively gro „ ing cell 

Acad. Sci. USA 80.8^, ice _ co ld electroporation 

were harvested and place, in an purifie d > 

p*te at 4X10 7 cells/ml with 100 W /ml of purif 
CUV ette at 4x wa£ perfon ned as 

DNA or AEM DNA. Electrop ^ ^ 

described by Potter et al. (Proc. 

aes . „„ T c r o 494 power supp-L^ se- a. 

81:7161, 1984) using an ISCO 49 p 

limited to 0.9 mA. aiui 
V with the current limited 

4.*„n the cells were left on ice ior 
electroporation, the cei medium- 

Pr ° ta0ti ; n e "tZate for production of » S e protection 
probes wa s made by insert in, the 735 ^..^ 

*- r\ -f the A construct into t^ux 
fragment of the > ^ ^ plasmld 

pSP64 (Promeaa Biotec^ transcribed by SP6 

clon . When unearned witn ide .ntisense 

polymerase, c!09I produces a 783 nucleo. 

mh - „■ „ „ ss avs were performed essentially 

paase protection assays w P 

as described by Helton et a , J 

, t al. (Biochenrstry 1 . 2 the Mtho a of 

antisense pm probes were sy C109I . probe 

Helton et al. (fEIi ). ««" 9 *»» ' , 
£r ag7,ents (5X10* cp„ ^ 4 . 12 hour6 ln 

uer e hybridised to 10 m of total PN ^ ^ 

the presence of B0, for»am d a , 

Rpr v et al. Cell 12. 
procedure of BerK e^ add ition of RNase 

hybridizations were terminated by tne 
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at 40/ig/nl and RNAse Tl at Samples were 

incubated for 10 minutes at room temperature, digested 
with proteinase K, phenol extracted, ethancl- 
precipitated, and analyzed on 0 . 4 mm thick, 8M urea 5% 

5 acrylamide gels as described by Melton et al . ( supra ) . 
RNA was quantified by laser densitometry analysis 
(Molecular Dynamics, Sunnyvale, CA) of autoradiograph 
films . 

As shown in Fig. 6, transfection with the A 
10 construction resulted in weak expression of human A mRNA 
in ('Probe' indicates the position of the probe. 'VA' 
indicates the position of the A mRNA) . Ly65 cells and 
slightly stronger expression in J558L cells. 
Transfection with the AEm construction led to 130-fold 
15 higher expression of the human A mRNA in Ly65 cells and 
470-fold higher expression in J558L cells, compared to 
the level of expression of the A construct in each such 
cell type. Production of Transgenic Mice Containing a or 
AEu Transgene 

20 Transgenic mice harboring AE^ were produced as 

follows. The AE^l construct was digested with EcoRI , and 
the 9071 bp fragment containing A2 and part of the heavy 
chain enhancer (Fig. 7) was purified by electroelution 
following gel electrophoresis (Maniatis et al., supra ) . 

25 The fragments were injected, as described by Muller et 

al. (Cell 54:105, 1988), into the pronuclei of fertilized 
oocytes derived from inbred FVB/N X CD-I mice (EG) or 
inbred FVB/N mice (all other lines) . FVB/N (Taconic 
Farms, Germantown, NY) is an inbred strain which is 

30 albino (c) , agouti (A) , H-2 q , and has the b alleles of 

Lyt-1, Lyt-2 and Lyt-2 . CD-I (Taconic Farms, Germantown, 
NY) is an outbred albino strain. The injected eggs were 
transferred to pseudo-pregnant females as described by 
Muller et al. ( supra ) and allowed to develop to term. 

35 Mice were housed in an environmental I v-ccnrrclied 
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• a on a 12 hour dark/ 12 hour light 
facility maintained on a 12 

cycle. . \ construct were 

— C - EcoRI/HinDIII 

produced in a similar -nn r ^ ^ 

fragment of the A construct (whi 
ge ne without an added enhancer) . 

anaizsia-siJ^^ born from an 

At four weeks of age, each p P 

= +- PS ted for presence of the 
inj ected oocyte was tested P i2ation . 

appropriate transoene * ^ a ,« tlon o£ tail 

The 0» -a y, s a ^ ^ ^ , t 

(approximately lcm) V rross man et al. , eds. , 

al . (Methods in Enzymology, «° ss ^ t uas 

65: ,04, 1»0>. ™e resulting nuc - a d p ^ 

dissol ved in !00 ,1 of 10« TK! pH - ■ ^ 

Bl 0£ th e tall 0^ Preparat ^ n a se 

completion with EcoFI, ^ ascribed by 

«-*»- t «™ d 1 t0 ^ 1 " f l S 7 S ). 

southern (J. Hoi. Biol. 98.503, ,„ berg et al , 

* Klsnow random priming (Fei..oerg 
was prepared by K eno _ ^ ^ ^ fragloen . 

„al. Bioohem. "'-"^ were incuba ted overnight 

o£ ^ X construct, niters 10S 
uith . 10 . cpm of probe in 10 ml of buffe 

dextran sulfate and 5.. ^^'in O 7 SSC at «•=. 

,v at 25°C and two times in o.ia 
1 r The filters were then analyzed by 

(Southern, su^ra) ane 



25 in 



30 



35 



autoradiography. indicated that each of 

The southern hybridization, ^ indica ^ 

thr8e » founder mice, -ignated T u K ^ 
TG .hu>-HV had each retained the site . 
multiple copies integrated at « and 

Similarly, two iB . founoer ««. d- * in 

TG .„ had each aatosom al site, 

mu ltiple copies mtegrated at a . n, ^ 
with TC .»EU-K Bi« harbcrmg more e. 
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transaene than TG.AEu-EH mice. Each founder mouse was 
mated to a wild-type inbred FVB/N mouse, and the DNA of 
the resulting offspring was analyzed by Southern 
hybridization as described above. In every case the 
transgene was transmitted through the germline in a 
Mendel i an fashion . 

The founder animals were crossed with inbred wild- 
type FVB/N mice for at least seven generations; thus, the 
mice used in all subsequent experiments were, except for 
the transgene, genotypically essentially pure FVB/N mice. 
Backcrossed descendents of the TG.AEu-EG founder animal 
are referred to as EG mice when they are heterozygous for 
the transgene and EG/EG when they are homozygous for the 
transgene. Backcrossed descendents of the TG.AEm-EH 
founder animal are referred to as EK mice when they are 
heterozygous for the transgene and EH/EH when they are 
homozygous for the transgene. 

The transgenic mice harboring the AE^x construct 
are maintained by crossing male EG and EH mice with 
inbred +/+ FVB/N females. As homozygous EG/EG nice dG 
not live beyond weaning, hemizygous mice (i.e. EG and EH 
mice) were used for each of the experiments described 
below . 

Mice of each transgenic strain were analyzed for 
expression of the human A2 gene in thymus, spleen, bone 
marrow, brain, liver, kidney, heart, and skeletal muscle 
tissue. Excised tissue was homogenized in guanidine 
isothiocyanate solution as described by Chirgvin et ai. 
( supra ) , and total RNA was extracted for RNase protection 
analysis as described above. Each of the transgenic 
strains was found to express the human U266^ gene in all 
tissues assayed. Of the two XZu. strains, EG expressed ^ 
mRNA at a higher level than did EH. 

Susceptibility of Transgenic Mice to Infectious Diseases 
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• vr tnnuse line was originally 
The transgenic EG mouse 

estahUshe* in a — -I"" ^^Z^ZZ 
„s are ^ic. These pa ho nc ^ 

virus, EDXM virus, -""^"^ ^ foundar aninal, 
5 pul-onis, pinwcr., and ™ e "f' ic 

. CD-I X FVB/N Fl .ale, who »ay have >e a , ^ 
mosaic, gained healthy an, = very 

—a an =™ ^.^rr^ra c«s *orn into 

few of his transgenic male or xe* 

. enrressfully sire or raise 

• *^«.i-«rq -Farilitv could succesbiui^ 

m the infected racing 

w ,vn 0 the life expectanw — 

litters. Furthermore, whxle the lit P 

i dee in this colony is more than two years, 
normal mice in th infec tious diseases 

of the hemizygous a m e ^ mice 

before they were 91 days ol con ditions, 
15 survived more than one month. ™£ \ ^ 

the deaths appeared to be prm , Y - ^ 
pneumonia, probably due to ac 

and bacterial or mycoplasma ^^ onS ' ] that 

^.-wm-v tn infectious diseases suggest* 
of susceptibility to mtec inherited as 

suffer from an immune defect, 
20 these animals su.rer j. 

. ■ „«■ effect of the AEli transgene. When 
a dominant effect or ^ nat hoaen-f ree facility 

, ar j vp( i to a specific pathogen ii. 
strain was derived to a f pathological 
bv sterile cesarian section, none of the patn y 
by sterile u ^, ise d in the infected 

conditions observed m mice raised transgenic mlC e 

•^^4- The EH mice and transgem 
25 facilities was evident. The E construct did 

-, -c «™ strains harboring 

ri^cended from tne straxua .,, ps 
aescenucu ^.-.^4-^ tn infectious diseases, 

not show unusual susceptibility to inf 

Examination of EG mice revealed tha. the, 

leen s that were 50% to 75% smaller than those of 
spleens that we differe nce persisted even 
30 wild-type litter mates, pathog en-f ree 
when the mice were raised m a speci P 
facility- The mice of all other transgenic s-. 
spleens which appeared normal. ^^Cytoj^ 
Amlvs^f_L^^ ' 
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The B220 (Ly-5) cell surface antigen normally 
occurs onlv on murine B cells, includma roth ear 1 v ere- 
B cells that have not yet rearranged their heavy chain 
genes and mature B cells (Kinkade et al. , J. Immunol. 
5 127:2262, 1981; McKeon and Rosenberg, Eur. J. Immunol. 
15:295, 1985; and Cooper et al., Nature 321:616, 1986). 
As pre-B cells of wild -type ' mice mature, they begin tc 
express low levels of surface heavy chain is. As 
maturation continues, B cells migrate to the spleen and 

10 begin strongly to express surface Ig. 

Surface antigens expressed by the lymphoid cell 
population of XEfj. transgenic mice and wild-type mice were 
analyzed by flow cytometry using fluorescence-tagged 
antisera. Spleen suspensions in Hank's balanced salt 

15 solution (HBSS) were prepared by teasing apart spleens 

with forceps. Bone marrow ceil suspensions were prepared 
by flushing femurs and tibias with HBSS using a syringe 
fitted with a 26 gauge needle. The single-cell 
suspensions were labeled with 1) rat anti-mouse B220 

20 antibody (6B2, Coffman et al., Immunological Reviews 
69:5, 1982) and f luorescein-con j ugated goat anti-rat 
antibodies (Kirkegaard and' Perry Laboratories, 
Gaithersberg , MD) , 2) f luorescein-con jugated rat anti- 
mouse re (MRCOX20, Bioproducts for Science, Inc., 

25 Indianapolis, IN), or 3) f luorescein-con jugated goat 
anti-mouse ii (Southern Biotechnology Associates, Inc., 
Birmingham, AL) . The labeled cells were analyzed on a 
Cytof luorograf IIS flow cytometer (Orthc Diagnostic 
Systems Inc. , Westwood, MA) . 

30 EG and EH mice were found to have a consistentlv 

lower percentage of surface B220 ( Ly-5 ) -positive cells in 
the spleen and bone marrow than found in wild-type mice 
(Table 1), implying that these mice are B cell deficient. 
These transgenic strains of mice also had a lower 

3 5 percentage cf murine < chain-positive and murine u chain- 
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positive spleen ce 



lis than did wild-type m 



ice (Table 1) . 



Table 1# * ^on-Positive Lymphocytes 

*. r\f Pi cell Surface Antigen-Positive * 
Percentage of B cen 




Tissue 
Antigen 



inbred 
FVB/K 



STRAIN 
EG 



EH 



EGXC57BL/6 



10 



15 



20 



25 



30 



R pleen 
B220 
mouse n 
mouse M 

pnnp Marrow 

B220 ' 



39.9 ±7.1 
36.9 ±11.1 
39.3 ±10.8 

27.2 ±2.4 



2.1 ±0.97 
.2.3 ±2.0 
1.6 ±0.93 

6.5 ±1.7 



8.7 
7 . 8 
7.9 

26.4 



10.9 ±1-4 
7.4 ±0.1 
12.7 ±1.5 

nd 



The two W transgenic Bice strain, differ fro.- 

ine uu r dtta /T,v-5) -positive 

• 4-h=,i- t-he percentage of B220 (hy v 
other m that tne pet<- *, 

n« in eg mice was found to be lower than tha„ 
cells in EG mice w g hav£ a 

. lo n n Taken with the tact taai. 
mice (Table 1) • ia* are more 

higher level of nRNA expression than EH m 

severely im— ficient, these results suggest ha the 

sevei 2 . . \ p., fransaenic mice is 

„ f o rP H deficiency m AEm transgem 

^ „ on thi Uvel of > transgene expression, which 
dependent on the ievex 

mav be related to transgene copy number, or the si 

may be reia transgenic offspring of a 

chromosomal integration. The transg 

mmise and a C57BL/6 mouse were also 
cross between an EG mouse ana 

analyZ6d ' • ■ «. HPtec- su-face human X 

Antibody staining to detec si., a 

n h t-hat spleen cells from EG mice lacKed surfac- 
revealed that spleen expresS ed humar. . 

human X despite the fact that u..e -ei 
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mRNA. In contrast to their apparent 3 eel] deficiency, 
EG mice appeared to have normal levels of T ceils when 
assessed by the criteria of staining for CH3 , CD4 and CDS 

surface markers. 
5 As a further measure of the lymphoid cell 

population in EG mice, cultured splenocytes were tested 
for uptake of tritiated thymidine (measured in ■ cpm/10* 
cells 1 in a fixed time period) in response to 
concanavalin-A, a non-specific T cell mitogen, and 

10 lipopolysaccharide, a B cell mitogen (Anderson et al., 

Eur. J. Immunol. 2:349, 1972; Janossy et al., Clin. Exp. 
Immunol. 14:581, 1973). Lipopolysacchar ide-induced 
uptake by EG splenocytes was only one-tenth the uptake 
observed for splenocytes from wild-type mice, while 

15 concanavalin-A-induced uptake by EG splenocytes was 
identical to uptake by wild-type splenocytes. These 
results provide additional evidence that the EG mice are 
severely B cell deficient, while suggesting that they 
have functional T cells. 

20 Approximately 80-95% of the splenocytes of wild- 

type mice can be labelled with B cell- or T cell-specific 
markers. In contrast, only about 50% to 70% of the 
splenocytes of EG mice could be labeled with such 
markers. The remaining unlabeled cells bore surprisingly 

25 large quantities of the Sca-1 antigen as detected by the 
Ly-6A.2 antibody (van de Run et al., Proc. Natl. Acad. 
Sci. USA 86:4634, 1986; Aihara, et al., Eur. J. Immunol. 
16:1391, 1986) in a fluorescence activated cell sorting 
assay (FACS assay) . Normally, 10% of splenic lymphocytes 

30 are Sca-l-pos it ive , and only weakly so; in contrast, 40% 
of the splenocytes of EG mice were strongly positive. 
The results of a FACS assay are depicted in Fig. 8 (The 
dashed line represents sulenic lymphocytes from an EG 
mouse; the dotted line represents splenic lymphocytes 

35 from wild-type inbred FVB/N mouse; the solid line is a no 
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10 



n , These strongly Sca-l-positive cells 
antibody control.)- me line age cells behind 

x. or, ^rrumulation of B iint^y^ 
ma y represent an accumul tranS gene, or tney 

result of the U<* of »ature «U ^ cked fr0 „ 

ma v be abnormal cent* 
seal bearing cells ™ traos , a „, expression. 

ths B oell lineages a J^^^^M^^ 

Bone „ hich supp ort the 

into adherent eed y r ^ ^ 

proliferation of wild typ (shi tlocX, et al., 

frM adult bone narrow or ta U ^ ^ iayers 

" ^TfroJTbon -row supported the iong-terr, 
established froi» EG bone m u lin . s 

gro «h of wild-type, «-^ r - dePen o ^' f B etal liver cells, 
Lrived fro* wild-type « - ' liw 

bone marrow wi. 

the converse was not true. term cultures 

cells fro. EG .ice would not * ( wild _ type 

, □„ feeder layers derived Bioe ls cap a b le 
mlc e. Thus, the bone .arrow ,tro» of 

o£ supporting B cell growth die early in 
precursors are developmental blocXed ^ 

This is further evidence, tnat 
a evel0P»ent^ h s ^ ^ o£ B UnM ,. 

5 causes a speun^ 

^elsoiiJlurine T.pnfr«mia v x 

Maxrow_CeUs_and_^eta^J^^ transformation 

^.jfjfive A-MuLV lymphoid cexx 

A quantitative An j , (J . of Exp. 

„ assay, using -asure the nunber 

0f h vnTV transformation of EG 

„ T he rate c , A- U t ^ fifty . £old 

35 lower than tor w^x iv 
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EG mice have a sharply lower number of B cell precursors. 
In several attempts, A-MuLV failed to transform EG bene 
marrow cells at all. These results provide further 
evidence that EG mice are B cell deficient. 



5 Use 

The animals of the invention can be used as models 
of human diseases characterized by B cell deficiency or 
defects in B cell function, and thus would be useful to 
develop diagnostic assays and to test potential 

10 therapeutics. For example, X-linked agammaglobulinemia 
is an inherited disorder characterized by a nearly 
complete absence of serum immunoglobulin, resulting in an 
unusual susceptibility to infection; examination of the 
lymphocyte populations of afflicted individuals reveals a 

15 severe deficiency of mature B cells, although pre-B cells 
are present in normal numbers. The animals of the 
invention might also be used to study a group of 
disorders referred to as common variable immunodeficiency 
(CVID) . Individuals with CVID usually have a normal B 

20 cell count, but their B cells do not function normally. 

There are multiple causes of CVID; the underlying defects 
include inability to secrete immunoglobulins, absence of 
helper T cells (which are required for normal B cell 
function) , B cells that do not respond to stimulatory 

25 signals, and the presence of auto-antibodies to B cells. 
The animals of the invention can be used to model various 
forms of CVID by transplantation with particular B cell 
populations. In addition, there are a number of diseases 
characterized by selective deficiency in a particular 

30 class of immunoglobulin, and the animals of this 
invention can be used to create models of these 
disorders . 

Besides their utility as disease models, the B 
cell-deficient animals cf this invention can be used to 
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10 



15 



20 



25 



30 



■ th e role of humoral i-onity in any o£ -vera. 
e!i a,»ine the r 1. prooessB s 

^''" C ," infraction, between B cells 
characterized by intr enCa tion, allergy, 

M d T cells, including antigen pr 

d araft rejection, 
autoimmune disorders an g ^ transgenic 

Because bone mar-^ deriv 

• ^ ion is essentially devoid of B cell 
mi ce of the invention is usgd a£ fi 

- t-hese bone marrow cells couxa 
precursors, these b f eeder . depe ndent B cells 

feeder layer for ^ cells endo genous to 

without risk of contamination by 

, ^ i avpr bone marrow. 
the feeder layer b developBentall y-blocked 

Furthermore, the * P these „ iMl s provide a 
hematopoietic o£ the bioch e n istry and cell 

source of Batenal for study ^ b ^ in 

biology of B o." development- »» ^ o£ 

these -ice very lively results in ele ^ 
growth factors, and thus they »ay provide 
novel lymphokines. 

ne posit 

• an FG mouse with a 
rabr yos generated by crossing an EO 

inbr ed FVB/N ,ouse have been deposi ed h^ ^ ^ 
Type culture collection on August »■ assignee , 
accession nunber »«C 7 ""^/^^y , 

t he President and *"™ «™T«P»>» th «« " bry °" 
acknowledges its responsibility to P ^ 

should they die before the en ^ Mcc 

issued hereon, and its "SP°- ^ ^ time the 

of the issuance of such a pat n at ^ ^ 

•it u« -m^rlp available to uic ^ 
deposit will be made a avall able to the 
that time the deposit wil. be ma 
r of Patents under the terms o- 



Commissioner o 
and 35 USC §112. 
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Other embodiments are within the following chains. 
For example, any rearranged a gene derived from a human 
or any other non-mouse animal could be substituted for 
the human U266A gene utilized in the example described 
5 above. The U266A gene could be replaced by any DNA 

sequence that encodes the U266A protein. Also included 
are transgenes that enccae a protein substantially 
similar to the U266A protein in that introduction of the 
transgene into a suitable animal will lead to the 

10 phenotype disclosed herein. Such proteins would include 
proteins that differ from the protein encoded by the 
U266A gene in that they have conservative amino acid 
changes (e.g., one acidic amino acid is changed to 
another acidic amino acid) , or deletions or insertions of 

15 non-essential amino acids. The enhancer region could be 
any natural or synthetic DNA sequence that induces a 
higher level of expression of the transgene, including 
viral enhancers, eukaryotic enhancers, or sequences that 
are capable of binding endogenous transcriptional 

20 activators, all of which are well known to those of 

ordinary skill in the art of eukaryotic gene expression. 
Also included in this invention are hematopoietic cells 
(such as B cell precursors) derived from a transgenic 
mouse of this invention. 

25 We claim: 
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1 . A transgenic PVB/N'.ouse bearing a transgene 
.^prising a DNA seguence encoding an i^unogiobulin 
UUWF , nnn-mouse animal. 

3 light chain endogenous to a non mou 

• wr/n mouse of claim 1, wherein 
2 The transgenic FVB/N mouse 

3 proportion of its hia her than the 

4 immunoglobulin A light chains is higher 

« *vt>icallv found in FVB/N mice. 

5 proportion typicaiiy j-^ 

The transgenic FVB/N mouse or ciaim -- 



1 

2 



3 . 

said animal is a human. 



1 

2 sa 



4 Th e transgenic FVB/N mouse of claim 3, wherein 
tant region of said ■ immunoglobulin A light chain 

2 the constant region of const ant regions. 

3 is selected from the Al, A2, A3, 

m/H mouse of claim 4, wherein 

5 The transgenic FVB/N mouse 

' 1= rhP *2 constant region. 

2 said constant region is the A2 con 

aiiTi s wherein 
6 . The transgenic FVB/N mouse of claim 5 

lohulin A light chain comprises the U266A 
id immunoglobulin a ixyu 

3 protein. 

7 The transgenic FVB/N uouse of ciai* 1. "herein 

said transgene further comprises an enhancer reg 10 n 

2 saia wan ^ , flf „| d nNA sequence. 

3 oapable of enhancing expression of said 

^ oiRim 7, wherein 

8 The transgenic FVB/N mouse of claim 

1 • n is that of an immunoglobulin heavy 

2 said enhancer region is that or 

3 chain gene. 

■ nm/N nouse of claim 8, wherein 
g. The transgenic FVB/N mouse 

„inn that of a mouse immunoglobulin 

2 said enhancer region is that or 

3 heavy chain gene. 
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1 10. The transgenic FVB/N mouse cf claim 9, 

2 wherein said enhancer region comprises the entire 995 be 

3 Xbal-EcoRI fragment of the mouse immunoglobulin heavy 

4 chain gene. 

1 11. The transgenic FVB/N mouse of claim 10, 

2 wherein said enhancer region comprises a portion of the 

3 995 bp Xbal-EcoRI fragment sufficient to enhance 

4 expression of said DNA sequence. 

1 12, The transgenic FVB/N mouse of claim i, 

2 wherein mature B cells account for less than 10% of the 

3 splenic lymphocytes of said transgenic FVB/N mouse. 

1 13. The transgenic FVB/N mouse of claim l, 

2 wherein said transgenic FVB/N mouse is more susceptible 

3 to infectious disease than is a typical FVB/N mouse. 

1 14. The transgenic FVB/N mouse of claim 1, 

2 wherein said transgenic FVB/N mouse has at least three 

3 times as high a percentage of splenic lymphocytes which 

4 bear the Sca-1 surface antigen as a typical FVB/N mouse. 

1 15. The transgenic FVB/N mouse of claim l, 

2 wherein fewer than 4% of the splenic lymphocytes of said 

3 transgenic FVB/N mouse bear the B220 (Ly-5) antigen. 

1 16. A hematopoietic cell derived from the 

2 transgenic FVB/N mouse of claim 1. 

1 17. A transgenic mouse derived from an embryo 

2 deposited as ATCC No. 72002, or a transgenic descenders 

3 of said mouse. 
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